Project-based Learning in Production Engineering at the Heilbronn Learning Factory  by Balve, Patrick & Albert, Matthias
Available online at www.sciencedirect.com
2212-8271 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of 5th Conference on Learning Factories (CLF 2015) 
doi: 10.1016/j.procir.2015.02.215 
 Procedia CIRP  32 ( 2015 )  104 – 108 
ScienceDirect
The 5th Conference on Learning Factories 2015 
Project-based learning in production engineering
at the Heilbronn Learning Factory
Patrick Balvea,*, Matthias Alberta
aHeilbronn University, Max-Planck-Str. 39, 74081 Heilbronn, Germany
* Corresponding author. Tel.: +49 7131 504 6735; fax: +49 7131 252 470. E-mail address: patrick.balve@hs-heilbronn.de
Abstract
Nowadays education of production engineers has to convey professional competences and social skills alike. The paper describes the learning 
factory concept at Heilbronn University that is designed to meet these requirements. The course constitutes the predominant workload in the 
6th semester, covering a wide range of industrial-like activities along the entire product engineering process. A detailed depiction of the course 
structure is given as well as strong evidence for its potential to improve the students’ soft skills like the ability to successfully communicate 
technical issues, cooperate effectively, and the general capability of putting theory into practice.
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1. Qualification of bachelor graduates in engineering
In order to understand the need for learning factories at 
universities in general, the question about the desired set of 
knowledge, skills, and competences has to be asked. In the 
course of the European Bologna Process, which formally 
started in 1999, it was established that the learning outcome of 
an undergraduate program should be at level 6 of the 
European Qualifications Framework (EQF). This leads to the 
following requirements [1]:
x Theoretical and/or factual knowledge: 
Advanced knowledge of a field of work or study, involving 
a critical understanding of theories and principles 
x Cognitive and practical skills: 
Advanced skills, demonstrating mastery and innovation, 
required to solve complex and unpredictable problems in a
specialized field of work or study
x Competence (responsibility and autonomy):  
Manage complex technical or professional activities or 
projects, taking responsibility for decision-making in 
unpredictable work or study contexts; take responsibility 
for managing professional development of individuals and 
groups
In Germany, this basic understanding is substantiated by 
the ‘Handbuch zum Deutschen Qualifikationsrahmen’ [2] 
(Guide to the German Qualifications Framework) and the
‘Qualifikationsrahmen für Deutsche Hochschulabschlüsse’ [3] 
(Framework for German University Degrees). Besides 
demanding an adequate level of vocational knowledge and 
skills, both documents emphasize social skills and high levels 
of independence in the learning and working environment.
All documents mentioned above expect universities to 
deliver work-ready bachelor graduates. Recent studies have
shown that although 30 to 70 % of the companies are 
generally satisfied with the professional and social skills of 
bachelor graduates in Germany [4], competence gaps still 
exist in the following areas: acquisition of new knowledge, 
working autonomously, communication, teamwork, applying 
engineering knowledge, and problem solving [4, cf. 5,6].
2. Project-based approach
In 2011, after having carefully analyzed various didactical 
approaches that could complement a traditional production 
engineering curriculum, it was concluded by the lecturers of 
today’s study program ‘Production and Process Management’
that a mainly project-based approach would be best suited to
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stimulate the aforementioned learning outcomes and thus meet 
industry expectations at the required qualification level 
[5,7,8].
Fig. 1. Range of processes covered
Project-based learning puts a motivating and meaningful 
real-world task in the center of the students’ attention. In the 
case of the Heilbronn Learning Factory all students attending 
6th semester (typically a range from 25 to 35 persons) are 
required to be part of the fictitious manufacturing company 
‘HHN Parts and Products’. The common goal is to 
cooperatively engineer and manufacture a new product based 
on a list of specifications provided by the supervising 
professors. These specifications cover technical requirements, 
budget, and time constraints, thus realistically emulating a 
real-world project with all its processes involved (Fig. 1). 
Products vary from semester to semester; size-wise they 
typically fit into a shoebox and revolve around a challenging 
physical effect. Examples from previous semesters are: a 
Stirling engine, a photovoltaic-powered windmill model, a 
Mendocino motor, and a marble run. Although it is important 
to provide technically demanding details as part of the main 
task, the unfolding problem solving process and the 
organizational challenges that come along with it are valued as 
high as the technical solution itself.
Fig. 2 shows some more features of the Heilbronn Learning 
Factory based on a morphological chart. It is noteworthy that 
the university provides real-world engineering and 
administration software (e. g. computer-aided design, 
enterprise resource planning) as well as tooling machines of 
various kinds and assembly stations. Purchasing, logistical 
operations, quality assurance, and project management are 
also expected to be carried out by the students like in any 
actual company.
Different from the students’ expectations, the role of the 
supervising professors shifts from the familiar expert role to 
the role of a counselor and process facilitator. This applies to 
all kinds of factual problems that might arise as the semester 
progresses, but also to the question of the organizational set-
up of the company (e. g. functional organization vs. cross-
functional teams). Advice will be given, however, there are no 
fixed solutions and enough room for learning experiences and 
new approaches is always provided.
Another feature that makes the Heilbronn Learning Factory 
unique is its high workload of 16 ECTS-credits (with 30 
ECTS-credit points representing the entire workload of a 
semester). Finally it should be mentioned that the project is 
supported by up to 7 professors, each of them being 
specialized in a field of knowledge relevant to the 
comprehensive supervision of the entire product development 
process carried out by ‘HHN Parts and Products’.
Fig. 2. Main characteristics of the Heilbronn Learning Factory
3. Concept details
3.1. Curricular implementation
The curricular implementation of a rather complex and 
time-demanding project-based course like the Heilbronn 
Learning Factory into a bachelor program syllabus is not an
easy undertaking. It was agreed that conducting it as part of 
the first two semesters would be too early. This time period 
serves predominantly for basic education in math, physics, 
material science, manufacturing, and alike. Of course, project-
based approaches can be introduced at very early stages of a 
bachelor curriculum; however the learning outcome that can 
reasonably be expected would be very different [cf. 7].
It is obvious that the closer to the end of the studies a 
learning factory is placed, the higher the capabilities of the 
students to connect the various areas of knowledge and their 
practical and social skills (Fig. 3). As the bachelor program at 
hand includes a mandatory industrial internship in the 5th
semester (which was required to be maintained), the best 
temporal position with the highest probability for excellent 
results should therefore be the 6th semester.
Fig. 3. Schematic model of qualifications development
Another consideration strongly supports that reasoning: 
The broadened and deepened production engineering 
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knowledge that was conveyed at the beginning of the main 
study period (e. g. with respect to manufacturing technology, 
automation, quality assurance, design and development, 
business administration, project management, data 
processing) needs some time to settle. In this situation it is 
very helpful for the students to discover the relevance of the 
recently acquired knowledge and skills in the light of a 
production company’s daily business and to find out, to what 
extend practice differs from theory.
3.2. Project kick-off
A famous saying in project management is: “Show me how 
your project starts and I will tell you how it will finish.”
Having this proverb in mind it was always believed that the 
way how the kick-off event is carried out is crucial to the 
successful execution of the students’ work.
Between 2011 and 2014 two different ways of learning 
factory kick-offs were experimented with. In the beginning, 
the project start in the first week of the semester was as short 
as 90 minutes. Within this timeframe the project assignments 
as well as all the necessary organizational issues were 
communicated. Realizing more and more that not all students 
are familiar with each other, the last two kick-off events were 
conducted as external two day activity with overnight stay,
supported by experiential education and group facilitation.
Although the initial approach led to excellent results as far 
as the project and learning outcomes were concerned, it was 
noted that group facilitation has some very positive effects.
First and foremost, the students make a more conscious 
decision regarding their functional specialization and the team
members they will be working with in the upcoming weeks. 
In consequence, commitment and dedication increased 
notably and from experience it can be said that the students 
start with their operative business about one week earlier than 
without the external project kick-off. 
3.3. Semester timeline
The basic structure of the semester timeline is always the 
same and requires only minor modifications based on public 
holidays and alike (Fig. 4). After the above mentioned project 
kick-off in week 1, the students start building up a 
communication infrastructure and a meeting schedule both at 
team and company level. In order to come up with a 
substantiated scope of work to be approved by the professors, 
the teams have to work very hard on a continuous basis. By 
week 4 it is required that each team can present at least a 
scheduled “80 % list” of the expected activities that will have 
to be performed until the end of the semester. At the same 
time, engineering, prototyping, and sometimes even 
purchasing operations already take place.
The first formal intermediate presentation is scheduled for 
week 6. It is completely up to the students to determine the 
best way of presenting their first work results, the next steps 
in the project as well as potential decisions that need to be 
made. After the presentation a detailed feedback on the 
demonstrated presentation skills is provided. This procedure 
typically leads to great improvements with respect to time
management, contents of the presentation, slide layout, 
seating arrangement, and so on.
All the activities that take place during the first third of the 
semester are already very demanding and time consuming for 
the students. Especially the binding character of promises 
made to fellow students, the need to stick to deadlines, and the 
high level of quality required when exchanging information 
boost communication and cooperation skills. In an attempt to 
deepen that learning process in a systematic manner, students 
are asked to perform a written process evaluation. This 
important step is preceded by a short interactive workshop 
event.
The second intermediate presentation takes place in 
semester week 10, marking the beginning of the “final sprint” 
of the entire project. With only four weeks left until the final 
presentation, almost all design features of the product itself as 
well as all the revolving planning activities for manufacturing, 
assembly, logistics, and quality assurance are almost 
completed.
Along with delivering the final presentation in week 14, 
each team has to submit its project report for evaluation.
Whereas the final presentation is strictly internal, the official 
closing event in the following week is explicitly organized as 
a public celebration. Therefore the latter takes the form of an 
exhibition with several dozens of public visitors ranging from 
various production companies and professional associations to 
potentially future students from surrounding secondary 
schools. The task of the Heilbronn Learning Factory students 
is to represent their company ‘HHN Parts and Products’, the 
product itself as well as to explain the various methods 
applied.
Finally, at the beginning of the official exam period at 
university, the oral examination takes place.
Fig. 4. Example for semester structure
3.4. Grading concept
As argued earlier in this paper, the Heilbronn Learning 
Factory covers a huge range of topics and methods along the 
value chain (Fig. 1). It actually happens very often during and 
after the semester that students express how much they enjoy 
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the hands-on approach of that specific course format. 
Obviously, everyone finds something to work on that really 
interests and eventually motivates him and her, even if 
inevitably some theory is involved. Nevertheless, the question 
arises how the individual program achievement will be 
measured and graded.
When conceiving the grading system for the learning 
factory, the following aspects were taken into consideration:
x The inherent directive effect of the grading system has to 
be acknowledged. Students align their efforts based on the 
way they are assessed on. Given the fact that the 
predominant operating mode is working in small teams, 
obviously a collective component needs to be incorporated 
into the grading system. However, in order to allow for 
individual differentiation and to avoid the infamous ‘social 
loafing’ effect, it is important to measure the individual 
performance of each student as well [9]. 
x With 16 ECTS-credit points the weight of the Heilbronn 
Learning Factory is disproportionately high when 
compared to regular lectures (2 to 6 ECTS-credits). 
Therefore it is of utmost importance to maintain a high 
level of objectivity in the performance assessment process.
x By the same token, the weight of 16 credit points makes it 
necessary to break down the assessment into several parts
stretching out over the semester. 
x With up to 35 students, 7 professors, and several
assessment occasions involved, the whole grading system 
still needs to be workable.
Based on all of this, the grading concept is composed of 
three main pillars and a total of five grades resulting in a 
summative assessment for each student (Fig. 5).
The first pillar reflects the importance of working together 
as a team and contributes 50 % to the individual final grade. 
With a weight of only 10 % the very first performance, the 
process review, has only a minor effect on each student’s 
overall grade; however, it is of great importance for the proper 
functioning of the team and the learning factory in general.
The process review comprises a detailed examination of (a) 
the teamwork itself, (b) the cooperation amongst teams, and 
(c) the overall effectiveness of the entire project. In each case, 
it is mandatory to give feedback in a factual manner and to 
come up with concrete improvement measures. In doing so, 
students have plenty of starting points for enhancing their 
learning factory experience at various levels until the end of 
the semester. The next 10 % of the team grade refer to the 
students’ presentation skills based on business-like slides, 
speech, and – if desired – additional media. The last 30 % 
contributing to the team performance grade result from the 
written project report. Students are expected to come up with 
an effective text structure, to demonstrate a good writing 
style, and to be proficient in referencing conventions.
Fig. 5. Composition of final grade
The second pillar of the grading scheme is all about the 
overall company performance and makes up for 20 % of the 
final grade. The purpose of this component is to take away the 
temptation of individual teams to demonstrate their 
superiority over other teams. In order to receive a good 
overall grade, students are required to prepare for the public 
closing event in the most coherent and compelling way. As 
the overall character of this event can best be compared to an
exhibition, a lot of communication and planning has to take 
place beforehand.
The third pillar measures the individual performance of 
each student and allows the examiner to clearly differentiate 
between good and outstanding participants of the learning 
factory. Therefore, an oral examination is performed in the 
style of an expert discussion. The end result allows the student 
to influence the remaining 30 % of his or her individual 
cumulative grade.
4. Concept evaluation and experiences
Since its introduction in 2011 more than 160 students 
experienced the learning factory at Heilbronn University. In 
order to continuously improve the concept as well as to assess 
the soft skills development, a formalized questionnaire-based 
evaluation process was set up. In addition to this, further 
insight into the learning effects was gained at the end of each 
semester through feedback workshops in which students took
part on a voluntary basis. Eventually, the results of both 
sources of information were compared to the individual 
observations of the supervising professors.
Based on all of this, it can be stated that the Heilbronn 
Learning Factory has the following effects:
x The analysis of the final retrospective evaluations results 
shows clear evidence of the students’ learning effects in 
the following areas: ability to communicate and to work in 
a team, present both project status and results, dealing with 
criticism and giving constructive feedback, acquiring 
information for problem solving, ability to work 
autonomously in conjunction with improved interaction 
skills, interdisciplinary thinking (based on production 
company operations), and academic writing.
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x Students are aware of the fact that the required degree of 
individual commitment is unusually high (with 16 ECTS 
credits the Heilbronn Learning Factory is much more time-
consuming than any other individual lecture) and crucial to 
the collective success.
x Initially, a lot of students have a hard time adjusting to the 
project-based learning format with its high degrees of 
freedom. The need to actively steer and shape the own 
learning process with the ultimate goal of collectively 
solving a task brings along a feeling of insecurity (i.e. “Are 
we working on the right topics and are we working hard 
enough on them? How will deviating from a professor’s 
advice impact our grade?”). However, three to four weeks 
into the semester it can clearly be seen that most students 
successfully align with the new mode of work and take 
confidence in it. 
x The overall verdict of both professors and visitors from 
industry alike is that the course provides a learning 
environment which is very similar to real-world situations. 
The need to make plans and take action within capacity, 
time, and cost constraints is a given in daily working life. 
Due to its collaborative nature, the learning factory 
develops a high level of internal dynamic and complexity 
which again is perceived as very industry-like. 
As part of the formalized questionnaire it is also asked how 
satisfied the students are with the course in general and 
whether they would recommend it to other students. Based on 
a sample size of 90 questionnaires from the last four 
semesters, 95 % of all students appreciate the learning 
experience and would clearly recommend it to other students.
5. Summary and further developments
In the present paper, a detailed description of the Heilbronn 
Learning Factory, which is a mandatory part of the bachelor 
program ‘Production and Process Management’, was 
provided. Considering this practical example it could be 
demonstrated that even at universities large interdisciplinary
project-based events are manageable. 
The main reason for practicing problem-based learning in 
education is the development of skills above and beyond sheer 
theoretical and factual knowledge. Amongst those skills and 
competences the following are found to be improved through 
the Heilbronn Learning Factory: interpersonal and interaction 
skills, the capacity of dealing with conflicts and uncertainty, 
communication and presentation skills, the ability to work
autonomously and assume responsibility, the capacity of
reasoned decisions, and the ability to dive quickly into new 
areas of knowledge and apply this knowledge in practical 
situations. However, further research needs to be conducted to 
compare the effects of the Heilbronn Learning Factory to 
other learning factory approaches and to better understand the 
specific learning outcome of each approach.
The concept itself is open to variations which will be tried 
out in the near future. One idea – applying primarily to large 
groups – is to have two competing student companies work on 
the same project assignment. It is also possible to join forces 
with other universities, even abroad, in order to cooperate 
along the value chain within the constraints of one semester or 
even across semesters. As far as the grading concept is 
concerned, specific forms of students’ self-assessment or even 
360-degree assessments could be incorporated. Last but not 
least, the Heilbronn Learning Factory offers – similar to any 
other project-based approach – the unique opportunity to try 
out new project management methods and techniques such as 
agile project management.  
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